Integrin «, 33 mediates rotavirus cell entry
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Rotavirus strains differ in their need for sialic acid (SA) for initial
binding to the cell surface; however, the existence of a postat-
tachment cell receptor, common to most, if not all, rotavirus
strains, has been proposed. In the present study, antibodies to the
ay and Bz integrin subunits, and the «,B3 ligand, vitronectin,
efficiently blocked the infectivity of the SA-dependent rhesus
rotavirus RRV, its SA-independent variant nar3, and the neuramin-
idase-resistant human rotavirus strain Wa. Vitronectin and anti-B3
antibodies, however, did not block the binding of virus to cells,
indicating that rotaviruses interact with a, 83 at a postbinding step,
probably penetration. This interaction was shown to be indepen-
dent of the tripeptide motif arginine-glycine-aspartic acid present
in the natural ligands of this integrin. Transfection of CHO cells
with ay B3 genes significantly increased their permissiveness to all
three rotavirus strains, and the increment of virus infectivity was
reverted by incubation of these cells either with antibodies to B3
or with vitronectin. These findings implicate a3 integrin as a
cellular receptor common to neuraminidase-sensitive and neura-
minidase-resistant rotaviruses, and support the hypothesis that
this integrin could determine, at least in part, the cellular suscep-
tibility to rotaviruses.

Rotaviruses, the leading cause of severe dehydrating diarrhea
in infants and young children worldwide, are nonenveloped
viruses that posses a genome of 11 segments of double-stranded
RNA contained in a triple-layered protein capsid. The outer-
most layer is composed of two proteins, VP4 and VP7. VP4
forms spikes that extend from the surface of the virus, and it has
been associated with a variety of functions, including initial
attachment of the virus to the cell membrane and the penetra-
tion of the virion into the cell (1).

Rotaviruses have very specific cell tropism, infecting only
enterocytes on the tip of intestinal villi (2), which suggests that
specific host receptors must exist. In vitro, they also display
restricted tropism, binding to a variety of cell lines, but efficiently
infecting only those of renal or intestinal epithelium origin (3).
Despite advances in knowledge regarding the molecular and
structural biology of the virus, little is known about rotavirus cell
receptors. It is known that some animal rotavirus strains attach
to sialic acid (SA) on cell surfaces, and this interaction has been
shown to be required for the efficient infection of virus to
susceptible cells, both in vitro and in vivo (4). However, the
binding of animal rotaviruses to an SA-containing cell receptor
has been shown to be nonessential, because variants whose
infectivity is no longer dependent on the binding to these acid
sugars have been isolated (5). The secondary importance of SA
as the attachment site for rotaviruses is also demonstrated by the
fact that the infectivity of most, if not all, human rotavirus
(HRV) strains is not affected by neuraminidase (NA) treatment
of cells (6-38).

Integrins are a family of a/B heterodimers of cell adhesion
receptors that mediate cell-extracellular matrix and cell-cell
interactions, and are known to function as signaling receptors for
a variety of cellular processes, including spreading, migration,
proliferation, differentiation, and survival (9-11). These cell
molecules are commonly used as receptors for many different
viruses, including echoviruses 1, 8, 9, and 22 (12-15), coxsack-
ievirus A9 (16), foot-and-mouth disease virus (17, 18), papillo-
mavirus (19), adenovirus (20), adeno-associated virus type 2
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(21), and hantaviruses (22), with integrin a, 83 being, so far, the
most frequently used as virus receptor (14, 16, 17, 20, 22).

Recently, it was found that rotavirus surface proteins contain
sequence binding motifs for ayBi, as4Pi, and oxB, integrins.
Antibodies to these integrins, and peptides containing these
sequence motifs, were shown to block the infectivity of simian
rotavirus strain SA11 and the HRV strain RV5 (23). In addition,
azB1 and aufB; integrins have been shown to mediate the
attachment and entry of rotavirus SA1l into the human my-
elogenous leukemic cell line K562 (24).

We recently reported that proteins from MA104 cells, ex-
tracted with the nonionic detergent octyl B-glucoside under
noncytolytic conditions, have the capacity to inhibit the infec-
tivity of rotaviruses when preincubated with the virus before cell
infection (25). In the present study, we have identified one of
these proteins as the B3 integrin subunit, and we demonstrate
that «,B; integrin interacts with NA-sensitive and -resistant
strains at a postattachment step and is capable of promoting
rotavirus infection of the poorly permissive CHO (Chinese
hamster ovary) cells.

Materials and Methods

Cells and Viruses. MA104 cells were cultured in Eagle’s minimal
essential medium (MEM) supplemented with 10% (vol/vol)
FCS. CHO cells were grown in DMEM with 10% (vol/vol) FCS.
CHO cells transfected with ampBs (CHO-AS) and oyf33
(CHO-VNRC) integrins (26) were grown in DMEM/10% FCS,
in the presence of 400 ug/ml G418 (GIBCO). Rotavirus strains
RRYV, Wa, and nar3 (5, 8) were propagated in MA104 cells (8).
Reovirus serotype 1 was obtained from C. Ramos (Instituto
Nacional de Salud Publica, Cuernavaca, Morelos, Mexico) and
was grown in 1.929 cells as previously described (27). Poliovirus
type 3 was obtained from R. M. del Angel (Centro de Investi-
gacion y Estudios Avanzados del Instituto Politécnico Nacional,
Mexico D.F.) and grown in MA104 cells. Rabbit polyclonal
antibody against reovirus type 1 was kindly provided by P. Lee
(Univ. of Calgary, Alberta, Canada).

Ligands, Peptides, and Antibodies. Laminin, glycophorin A, chon-
droitin sulfate A, BSA, and collagen type I were obtained from
Sigma, fibronectin was obtained from GIBCO, and vitronectin
was either purchased from Sigma or purified from human plasma
as described previously (28). All proteins were used at 10 ug/ml,
unless otherwise indicated. Peptides GRGDSP and GRGESP
(hereafter called RGD and RGE, respectively) were obtained
from GIBCO and used at 400 pg/ml. Polyclonal goat IgG
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antibodies directed against an epitope located at the amino
terminus of integrin subunits ay, as, s, oy, ax, amnw, B2, and Bs,
and mAb 4B7R to subunit 8, were obtained from Santa Cruz
Biotechnology and used at 20 ug/ml. mAbs to integrins a;
(FB12), a» (P1E6), a3z (P1BS), a4 (P1H4), as (P1D6), as
(NKl-GOH3), Oy (P3G8), AI1b (CA3), CKVB3 (LM609), B]
(P4G11), B> (P4H9), B3 (25E11), and B4 (ASC-9), purchased
from Chemicon, were used at 10 ug/ml. mAbs to integrins a,
(P1E6, 3.2 png/ml), B, (MHM23, 41 ug/ml), and au (P4G9, 8.1
pg/ml) were purchased from Dako and used at the concentra-
tions indicated. mAb B5-IVF2 to Bs (Upstate Biotechnology)
was used at 10 ug/ml. mAb 26 to B3 (Transduction Laboratories)
was used at 5 pg/ml.

Infectivity Assay. MA104 or CHO cells in 96-well plates were
washed twice with MEM, and then about 1,000 focus-forming
units (ffu) of RRV, nar3, or Wa rotavirus, or of control virus,
reovirus or poliovirus, were adsorbed to the cells for 45 min at
4°C (for 1 h at 37°C in the case of CHO cells). After the
adsorption period, the virus inoculum was removed, the cells
were washed twice with MEM, and cultures were maintained for
14 h at 37°C. Infected cell cultures were fixed and tested with an
immunoperoxidase focus detection assay, as described previ-
ously (29). The ffu were counted by using a Visiolab 1000 station
(Biocom, Paris; ref. 25).

Blocking Assays. To evaluate the blocking activity of integrin
ligands and antibodies, and of RGD and RGE peptides, MA104
or CHO cells were washed twice with MEM and incubated with
indicated concentrations of the reagents in MEM, for 60 min (90
min for antibodies) at 37°C. For all incubations with vitronectin,
MEM containing 400 uM Mn?* instead of Ca?* was used (30),
whereas for all other procedures, including washings, regular
MEM with Ca?* was used. After the incubation step, reagents
were removed and the cells were infected as described above. To
evaluate whether antibodies to B8; and vitronectin were able to
inhibit rotavirus infectivity if added after the virus had been
adsorbed, MA104 cells in 96-well plates were washed twice with
MEM and chilled on ice for 5 min, and the virus was adsorbed
at 4°C for 60 min. The cells were then washed twice with ice-cold
MEM, and either vitronectin (1.5 pg/ml) or anti-B3 antibodies
(Santa Cruz Technology, 20 png/ml) were added, and the mixture
was incubated for 1 h at 4°C. The cells were washed once with
MEM and maintained for 14 h at 37°C before immunostaining
for virus. As control for these experiments, vitronectin or anti-£3;
antibodies were added for 1 h at 4°C before addition of the
viruses for 1 h at 4°C, or were added to the cells after the virus
had been adsorbed for 1 h at 37°C.

Binding Assay. The binding assay was carried out as described by
Zarate et al. (31). Briefly, a suspension of 5 X 10* cells,
preincubated either with 20 pg/ml of a goat polyclonal antibody
to the B; integrin subunit (Santa Cruz Technologies) or with 1.5
pg/ml of vitronectin for 1 h at 4°C, were mixed with 300 ng of
purified virus in MEM/1% BSA in a final volume of 200 ul and
incubated for 1 h at 4°C with gentle mixing. The cell-virus
complexes were washed three times with ice-cold PBS contain-
ing 0.5% BSA. In the final wash, the cells were transferred to a
fresh tube, and then treated with 50 ul of lysis buffer (50 mM
Tris, pH 7.5/150 mM NaCl/0.1% Triton X-100). The virus
present in the lysates was quantified by an ELISA (31). In all
binding assays, a binding control with no cells was performed.

Flow Cytometry. MA104 and CHO cells grown to 80% confluence
were washed and brought into a single-cell suspension by incu-
bation with 0.5 mM EDTA in PBS at 37°C and dispersed by
gentle pipetting. Cells were collected by low-speed centrifuga-
tion (200 X g) and resuspended in ice-cold MEM without serum,
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and the cell concentration was determined with a hemocytom-
eter. In each experiment, 2.5 X 103 cells were incubated with
either mAb LM609 or IgG1 control antibody (5 wg/ml) for 1 h
at 4°C, washed twice with 2% (vol/vol) FCS in PBS, and
then incubated with fluorescein-conjugated anti-mouse IgG
antibodies (12 pg/ml; Zymed) for 1 h at 4°C. Antibody bind-
ing was analyzed by using a FACScan flow cytometer and
CELLQUEST software (Becton Dickinson) with appropriate gat-
ing parameters.

Results

Antibodies to ayfB; Integrin Inhibit Rotavirus Infectivity. Several
protein bands with the ability to block rotavirus infection were
isolated by preparative gel electrophoresis from MA104 cell
extracts obtained with the nonionic detergent octyl B-glucoside
(25). Tryptic peptides from one of these bands, with an apparent
molecular mass of 110 kDa, were sequenced; one of them was
found to be identical to amino acids 266-279 of the human 3;
integrin subunit, whereas two other peptides were derived from
filamin and spectrin proteins. Given this finding, antibodies to 83
were tested for their ability to block the infectivity of the
SA-dependent simian rotavirus RRV, its NA-resistant variant
nar3, and the natural NA-resistant HRV strain Wa. A mono-
clonal antibody (mAb 26) to this integrin inhibited the infectivity
of all three rotavirus strains by 40-45%, depending on the virus
strain (Fig. 14). Because B3 is known to associate with integrin
subunits «, and am, (9), we tested the blocking activity of
antibodies to these integrin subunits. A polyclonal antibody to ay,
or a mAb (LM609) that recognizes both «, and B3 subunits,
inhibited the infectivity of rotaviruses (Fig. 1B), whereas a mAb
to subunit agp had no effect (not shown).

Because ayf31, asf31, and a3, integrins have been suggested to
play a role during rotavirus infection (25), the blocking activity
of antibodies directed against each subunit of these integrins was
compared with the activity of antibodies to «, and B3 (Fig. 1B).
Antibodies to az, au, and B inhibited the infectivity of all three
rotavirus strains by 22-44%, depending on the antibody and the
virus strain tested, whereas mAbs to ax and B; had low or no
inhibitory capacity, depending on the virus strain. On the other
hand, antibodies to either «, or B; inhibited all strains by
44-50%, with the exception of nar3, which was reduced by 27%
by the a, antibody. Antibodies to integrin subunits a1, as, as, as,
Ba, Bs, and agy, did not block the infectivity of any of the three
viruses by more than 9% (not shown).

The Block in Infectivity by mAbs to a, and B3 Integrins Is Additive.
When antibodies directed against each subunit of a given
integrin heterodimer were mixed, no additive inhibition of
infectivity was observed (not shown). However, when combina-
tions of antibodies directed against different integrins were
tested, antibodies to axB; and «,B; had a clear additive blocking
effect (Student’s ¢ test, P < 0.001), suggesting that these integrins
are involved in different stages of rotavirus infection. None of
the other integrin antibody combinations blocked the infectivity
of the viruses additively (Fig. 2).

Inhibition of Rotavirus Infectivity by Integrin Ligands. The incuba-
tion of cells with various integrin ligands showed that vitronectin,
which is known to interact with a3, blocked rotavirus infec-
tivity by 60-70% at 0.5 pug/ml (Fig. 3). Fibronectin, which is also
an oy B3 ligand, inhibited infectivity by 30-50% when used at 20
times the above concentration, whereas collagen type I, which
binds to ayB;, blocked virus infectivity by 20% at 10 pg/ml.
Other integrin ligands and glycoproteins, such as laminin, chon-
droitin sulfate, glycophorin A, and BSA, had no effect on
rotavirus infectivity when incubated with cells before virus
infection (Fig. 3).

PNAS | December 19,2000 | vol.97 | no.26 | 14645

MICROBIOLOGY



120

120

control Ab

100

80

——

60

% Infectivity

404

20 4

2 4 X VY1 23 2 4 X VA 3 2
o Bz p o B3 B

B3 integrin mAb ( Mg/ml) nar3
Fig. 1. Rotavirus infectivity is inhibited by antibodies to «,83 integrin. Antibodies to B3 integrin (A) or to different integrin subunits (B) were added to
monolayers of MA104 cells for 90 min at 37°C. After incubation with antibody, the cells were washed twice with MEM, and then RRV, nar3, or Wa viruses were
adsorbed for 45 min at 4°C, the viral inoculum was removed, and the cultures were maintained for 14 h at 37°C. Cells were then fixed and immunostained. Data
are expressed as percentage of the virus infectivity obtained when the cells were preincubated with MEM as control. The average numbers of foci representing
100% infectivity were 134, 122, and 139in A, and 83, 98, and 86 in B, for RRV, nar3, and Wa, respectively. The bars represent the standard error of at least three
independent experiments performed in duplicate. In B, the dotted lines at 80% and 100% infectivity are shown for reference. The antibody used in A was mAb
26.The antibodies used in Bwere as follows: polyclonal goat antibodies to as, ax, ay, and B3 (20 ug/ml); mAb 4B7R to 1 (20 ng/ml); mAb LM609 to ayB3 (10 nwg/ml);

mAb P1E6 to a; (3.2 ug/ml); and MHM23 to B, (41 ug/ml).

Rotaviruses Interact with a Region of «,B; Different from Its RGD-
Binding Site. Typically, «,B; integrin recognizes its ligands
through the tripeptide RGD (9); however, neither VP4 nor VP7
proteins of any of the tested rotavirus strains have this consensus
sequence. To evaluate whether rotaviruses were interacting with
this integrin by an RGD sequence formed in the three-
dimensional structure of the viral proteins, or by an RGD-
independent binding site, an RGD peptide was used to block
viral infectivity. Incubation of the cells with this peptide inhib-
ited infectivity of all three rotavirus strains by 20%, as compared
with 70% inhibition caused by vitronectin (Fig. 4). Incubation of
the cells with RGD before the addition of vitronectin relieved
the blocking capacity of this protein, indicating that RGD
efficiently blocked the attachment of vitronectin to o,83. A
control peptide, RGE, neither blocked rotavirus infectivity nor

relieved the blocking effect of vitronectin. These results indicate
that rotaviruses bind to a3 through an alternative region,
different from the RGD-binding site, and suggest that vitronec-
tin might be blocking rotavirus infectivity through steric hin-
drance. The fact that the RGD peptide was able to block
rotavirus infectivity at a low level suggests that the virus binds to
a,B; through a site proximal to the RGD-recognition domain.

Rotaviruses Interact with o83 at a Postattachment Step. To deter-
mine whether the interaction of rotaviruses with a3 occurred
during attachment or at a postattachment step, rotavirus binding
inhibition experiments with vitronectin and antibodies to B; were
carried out. Neither vitronectin nor antibodies to the 3 subunit
inhibited the binding of any of the rotavirus strains tested (Fig.
5A). These results suggest that «, 33 is not used by rotaviruses for
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Fig.2. Antibodies to ay83and ayB1 integrins inhibit rotavirus infectivity additively. Combinations of antibodies directed against different integrins were tested
for their ability to block rotavirus infectivity in MA104 cells, as described in the legend for Fig. 1. Data are expressed as percentage of the virus infectivity obtained
when the cells were preincubated with MEM as control. The average numbers of foci representing 100% infectivity were 128, 123, and 141 for RRV, nar3, and
Wa, respectively. The bars represent the standard error of at least three independent experiments performed in duplicate. The dotted lines at 80% and 100%
infectivity are shown for reference. The antibodies used were the same as described in the legend for Fig. 1, except for mAb LM609, which was not used.
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Fig. 3. Inhibition of rotavirus infectivity by integrin ligands. MA104 cells

were incubated with either 0.5 ng/ml of vitronectin or 10 ug/ml of fibronec-
tin, collagen type |, chondroitin sulfate, laminin, glycophorin A, or BSA for 60
min at 37°C, washed, and infected with rotaviruses as described in the legend
for Fig. 1. Data are expressed as percentage of the virus infectivity obtained
when the cells were preincubated with MEM as control. The average numbers
of foci representing 100% infectivity were 128, 123, and 141 for RRV, nar3, and
Wa, respectively. The bars represent the standard error of at least three
independent experiments performed in duplicate.

their initial attachment to the cell surface. In addition, if
vitronectin or the anti-B3 antibody was added to the cells after
the viruses had been adsorbed at 4°C, infectivity inhibition still
occurred (Fig. 5B). Of interest, the inhibitory effect of the
antibody was greater when added after adsorption of the virus
than when added before the virus. On the other hand, if the virus
was adsorbed for 60 min at 37°C (a temperature that allows the
internalization of the virus into the cell) before vitronectin or the
anti-B; antibody was added, no inhibitory effect was observed
(not shown).

Recombinant B; Integrin Promotes Rotavirus Infection of CHO Cells.

CHO cells, which are about 1000-fold less susceptible to viral
infection than MA104 cells, and the stable transfected CHO
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Fig. 4. Rotaviruses attach to a site on a3 different from the integrin

RGD-recognition domain. MA104 cells were incubated with MEM or peptides
GRGDSP (RGD) or GRGESP (RGE) (400 ng/ml) for 60 min at 37°C. The cells were
washed and vitronectin (Vn, 1.5 ug/ml) was subsequently added to control
(MEM) or peptide-incubated cells for 60 min at 37°C. The cells were then
washed and infected with rotaviruses as described in the legend for Fig. 1.
Data are expressed as percentage of the virus infectivity obtained when the
cells were preincubated with MEM as control. The average numbers of foci
representing 100% infectivity were 109, 161, and 114 for RRV, nar3, and Wa,
respectively. The bars represent the standard error of at least two indepen-
dent experiments performed in duplicate.
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variant cell lines VNRC and AS, which express the o83 and
ampPBs integrins, respectively (26), were used to determine
whether B; integrin expression facilitates rotavirus infectivity.
Both VNRC and AS cells were 3 to 4 times more susceptible to
rotavirus infection than parental CHO cells. This increase in
infectivity was shown to be blocked by incubation with either an
antibody to B3 or vitronectin (shown in Fig. 64 for VNRC cells),
indicating that the augmented infectivity observed in these cells
is due to the expression of B3 integrin. The level of o83 cell
surface expression in VNRC cells as compared with parental
CHO and MA104 cells is shown in Fig. 6B.

Discussion

Comparative characterization of three rotavirus strains, the
SA-dependent simian rotavirus RRV, its NA-resistant variant
nar3, and the HRV strain Wa, which is naturally resistant to NA
treatment of cells, has been used to understand the early events
of rotavirus infection. At least three cell surface sites seem to be
involved in the rotavirus—-MA104 cell interaction during the
early steps of infection with these three viruses (8, 32, 33). In the
present study, o833 integrin has been identified as a postbinding
receptor for rotavirus in these cells.

Rotavirus binding to «,B3 has been shown to be RGD-
independent, consistent with the fact that neither of the surface
proteins, VP4 or VP7, nor the protein that forms the interme-
diate layer of the virus, VP6, has an RGD sequence motif.
Hantavirus cell entry has also been shown to be mediated by B3
integrins (22). Like that of rotaviruses, their entry is not blocked
by RGD peptides and is still mediated by aypB3-integrin mutants
defective in ligand binding, indicating that their interaction with
Bs is independent of the integrin binding to physiologic ligands.
The binding of &3 to sequences other than RGD is not without
precedent, since such an interaction has been reported for other
proteins, including matrix metalloproteinase 2, basic fibroblast
growth factor, and ADAM 23/MDC3 human disintegrin (34).

Rotavirus nar3 binds to MA104 cells through the VP5 domain
of VP4 (31), and more recently we have found that this attach-
ment is mediated by a3, integrin (32). We also found that RRV
interacts with this integrin after initially binding to a SA-
containing compound through the VP8 domain of VP4 (32). The
fact that antibodies to a,B; and «,B3 blocked rotavirus infection
in an additive manner suggests that these integrins play a role at
different stages of virus entry, an observation consistent with the
idea that regardless of the primary cell molecule recognized by
these three rotavirus strains, they all engage in a postattachment
interaction with integrin o,B3. It is of interest to note that
rotaviruses bind to essentially every cell line that has been tested,
although they efficiently infect only cells of intestinal or renal
origin (3). Thus, the interaction with a3 could be responsible,
at least in part, for the restricted cell range of these viruses.

By flow cytometry a3 integrin has been found in MA104,
COS7, and Caco-2 cells (Fig. 6B and ref. 35), which are all
susceptible to rotavirus infection. On the other hand, this
integrin was not detected, or was barely detected, in CHO, BHK,
and K562 cells (Fig. 6B and ref. 36), which are 100- to 1000-fold
less susceptible to infection by these viruses. Thus, there seems
to be a correlation between the susceptibility to rotavirus
infection and the presence of o33 integrin. Analysis of a larger
panel of permissive and semipermissive cell lines is, however,
needed to confirm this observation.

Rotavirus infection was initially reported to be mediated by
integrins by Coulson’s group (23, 24). They demonstrated that
rotavirus SA11 binding to the human myelogenous leukemic cell
line K562 increases with integrins a1 and a4f3; expression via
transfection (24), and that the binding increase resulted in an
augmented infection of the transfected cells. It was also shown
that treatment of K562 cells with the phorbol ester phorbol
12-myristate 13-acetate (PMA) significantly increases cell infec-
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Fig.5. Rotavirusesinteract with ayB; ata postattachmentstep. (A) MA104 cellsin suspension were incubated with a goat polyclonal antibody (20 nwg/ml) against
B3 integrin, or with vitronectin (Vn, 1.5 ug/ml) for 1 h at 4°C. The cells were washed once with PBS and subsequently mixed with purified RRV, nar3, or Wa
rotaviruses for 1 h at 4°C. After washing, the cells were lysed and the attached viruses were quantified by an ELISA (31). (B) MA104 cells were incubated in 96-well
plates with rotaviruses for 1 h at 4°C, and then either B; antibodies or vitronectin (at the same concentrations used in A), were added for 1 h at 4°C (1st virus/2nd
Ab or Vn). In the control experiment (1st Ab or Vn/2nd virus), vitronectin and antibodies were added before the viruses, using the same incubation conditions.
The cells were then further incubated for 14 h at 37°C and immunostained for the virus. Data are expressed as percentage of the virus binding, or infectivity,
when the cells were preincubated with MEM as control. The average numbers of foci representing 100% infectivity were 130, 99, and 114 for RRV, nar3, and
Wa, respectively. The bars represent the standard error of at least two independent experiments performed in duplicate.

regard, in a recent study rotaviruses were shown to induce

tion, without increasing virus binding levels, leading to the
structural and functional alterations in tight junctions of polar-

conclusion that the induction of the endogenous «B3; gene

expression was the most likely basis for the augmented infectiv-
ity. It is known, however, that in addition to the induction of
az1, PMA also induces high expression levels of a3 integrin
in K562 cells (36). The fact that Hewish et al. (24) did not detect
an enhancement in SA11 virus binding to PMA-treated cells
suggests that the infectivity increase was the result of a post-
binding interaction. Thus, it is likely that at least a fraction of the
infectivity increase in PMA-treated K562 cells could have been
the result of the induced o33 expression. Because CHO cells do
not express a,fB; on their surface (unpublished observation), the
rotavirus infectivity enhancement observed in the VNRC and
AS Bs-expressing cells is likely to be due only to the enhanced
expression of this integrin.

Integrin subunit B33, as well as a3 integrin, has been reported
to be present in murine and human enterocytes, primarily
associated with the basolateral cell surface (37-39). Thus, if
these integrins are involved in facilitating rotavirus cell entry in
a natural infection, they might be initially available for virus
interaction in limited amounts, unless the cell-cell contact
regions are disrupted to expose their basolateral surface. In this

ized intestinal Caco-2 cell monolayers (40). In addition, in
polarized MDCK cells, a3, integrin is exposed apically to the
tight junctions (41). Finally, it is also relevant that enteroviruses
such as coxsackievirus A9 and echovirus 9 can employ o83
integrin as cellular receptor (14, 16), and that adenovirus-
mediated gene delivery to the intestinal epithelium is dependent
on, or is significantly increased by, the presence of 33, among
other integrins (35, 38).

Rotavirus cell infection involves a delicate cell and tissue
tropism which may require the specific presence of several cell
molecules organized in a precise manner. This idea is consistent
with the fact that although expression of «,8; integrin in CHO
cells (present study) or a3 integrin in K562 cells (24) enhances
the susceptibility of these cells to rotavirus infection, the level of
permissiveness achieved does not attain that of MA104 cells,
indicating that other cell surface molecules important for rota-
virus entry are absent from the former cell lines. It remains to
be established, among other things, whether any of the receptor
molecules described so far are irreplaceable, and if, in fact, there
exists a unique infectivity pathway for rotaviruses, with distinct
entry points for different virus strains.

A 4004 C3JCHO E=VNRC+Vn
WEE VNRC  BR% VNRC+B3 Ab 2 % 2
3 Ma104
2 300 gl p cio 18, WNAC 4 : a5%
£ o ) o i 975 1E
15) " ' o
& 2004 221 14 s ! i ul
5] g P : P £
. “el } e/ 00 {
= M 1 A P Y / {
100+ g ! g3 0 ,Mﬂ" “g\‘\ 5 I i i
;2o N N "
" / \ Y IRV N J . kY
0 Wttt Wt o et e ot ot et v w
RRV nar3 Wa
Fig. 6. (A) Recombinant B3 integrin promotes CHO cell infection. Parental CHO cells (CHO) or stably transfected CHO cells expressing the «a, and B3 integrin

subunit genes (VNRC) (26) were infected in 96-well plates with rotaviruses. VNRC cells were also infected after they had been preincubated with either vitronectin
(1.5 ng/ml; VNRC+Vn) or B3 goat polyclonal antibodies (20 ug/ml; VNRC+ B3 Ab). Data are expressed as percentage of the virus infectivity obtained when the
cells were preincubated with MEM as control. The average numbers of foci representing 100% infectivity were 72, 157, and 43 for RRV, nar3, and Wa, respectively.
CHO cells are about 1000-fold less infectable than MA104 cells by the three viruses tested, and therefore dilutions of virus stocks were adjusted accordingly, to
count the above-indicated number of infected cells in control wells. The bars represent the standard error of at least four independent experiments performed
in duplicate. (B) Flow cytometric analysis of a3 integrin surface expression in parental CHO, VNRC, and MA104 cells. mAb LM609 (solid lines), which recognizes
the ayB3 heterodimer, and the isotype IgG1 control antibody (dashed lines) were used at 5 ug/ml.
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